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1 

T, 

Mwy- hm\z^r)^m^ti^:^re^)-t)]^^nL^m^m 
mmi.xur}^<D-'mmm\::y hmzmmnrzNA 
NDiLj]^t. mBmmdf'-hm\z^^mm^nrz^'€:^) 

T, 

D y 7 F U-XICISDT 1 ::3cr)SWy- h Vy-i^^M 

nL. ^miRhfty-h\'y^/Mz^r)mn^-hmft^ 

iigBy D i7 7 H ^ n/t:/ 

o 7 H fciS UT^;^ < t 2 c!>af^y- h F 

y-MS7&«ffil!l$n"5NAND'fe;HC, tm^r-^yy 



(2) 1^§iJ1i7-2 3 5 1 9 3 

2 

aaUT;5:0-^O-$gdtg0f2t:^y hiSltcSJgg^n/^ AN 

a^Ry-^H^^A^, i9iBAND^j^u<ttDiNo 

Xhr>X. 

IS$:frUTft9fBAND-t:;Peb<(iD I NOR-tjKrS 

«L/. SES^Lfcy-hK^'YAtCi:r)S[ffliy-h«;&« 
ffil»$nSANDi:;Veu<liD IN0R1r;HCv mliB 

-Hi:, ! 
i^rffiy n 7 H UXx-^ ^ ^:/^[§?StCf5«$nft:r^ 
20 D 7 K ux ic^ UT^i^;^: < 1 1) 2 t?0DS«y-'h h 
^-TA^rSKU K^S^Lity-KH^-fAJciOHM 
y-h«8*^ffi«;^n^ANDi:;V^L<«D l.NORir 
MZ. f»ie5'-^^y5^lHlKlCl2!t$n)5:5^-[^^^«F 

35MbTsasnfcffiia:*osiwy"-F«t. cn^co 

*Iffliy- Mile J; 0 l^ft $ n-S X ^ »J 1r JI/^aaiBit Jll 
S^LT;^0^cO-SS;Cf^^f2tr^;/ F«atCgii^$nfcNA 
30 ND-fe;Pi:. M«SSI»y-h«ICj;0ffii4$n?t;<^U 

f-^yy^m^h. NAND^JcO^Sy-KiS* 

»*:^^LTi^SNAND•fe;^^c*^i&$^B(^r. 
gjEstR^nfcMwy- vmz^ 0K»$h5«»ficD 

3?SLTsa$n)t»a*oaaiy-F«^, cine^o 

MWy- F «fc cfc D n-6 ^ 'J •fe;^$a»HB^ 
Np-fe;i.t> M^®«iy-F8fcj;r)K»$nfcpt^U 
x-^S'^^^^llIJStv 1^— NAND^JCDWHiy-F48^ 

ii[i&r^>aj?y-FF5^7\t. ussNAND^j^aji 
^^ft^or F i^x ^-^82ttfr^y a 5^ 7 f uxx 



3 

T. 

t!l9i-:fa v^7Y VT.f-^ 9 v g^SKlcffift^n^b:/ 

D .y 7 H u X icjt: t; T 1 13 ©a«y- h K 9 -f A* & a 

ffif!i;SnSNAND-fe;Kr, 8!rI2x-3'7 5'f"lHl8lrE 
pyj,7Hl/XlClt:i;Tii>*<tt)2':3<0iifUy-hF 

T. g9Sig-NAND5il©fflWy-hil|!£tt$lca«if 

VXx-^' 7 i/5^I5]SStCiB183nfc7 H I'XXttWe:/ 
7HUXlClBDTa^3n)5:il>/S:<i:fe2*«±®S(ff3 30 

IS ic^saRf 5 ;i t t-r « i ~ 3 cd v^-r 

1 ~ 5 <DVi-fn;6McE«o?¥9J#IS1ft«iB. 
COOOl] 

[0002] 

^iEft»H (EE PROM) *»fflVi6nTt»-5. COB 
EPROMC-OtUT, a«aftlC«n&NAND-i: 



!t$ffljp7-2 3 5 1 9 3 

4 

[0 0 0 3] t.Tz.. 1 99 2^1 EDM (Inlemtiooa 
1 EleclroD Device Heeling, : BISW^^/W X^M) 
T:*:$fifl;*tt*^o&NORS»EEPROMtL/T, B 
4Sf^Bf*^&Bll ItCS^fANDSEEPROM (H.Ko 
me, "A 1.28 jtm' Contact less Meaory Cell Tech 
oology for a 3V-0Dly 64Mbit EEPROM," 1992 lEDN Tec 
h.Dig.,pp991-993) ©56^^. =Stli«*»e.Hl 2IC^ 
fD I NORSEEPROM (B.Onoda,ffl. "A novel C 
ell Structure suitablefor a 3 Volt Operation, Sect 
or Erase Plash Menory," 1992 lESM Tech. Dig. , pp599 
-602) ®5IS«tft^. 

[0 0 04] ;:n5©D 1 NORSEEPROMtAN 
DUEEPROMIi. ;itU-b:;i'««»fia6jnj»iRL& 
;**'J-fe;l'ar.i;Mc«U loeb<tt2o©a*?y 

[0 0 0 5] S9iB;**u-fe;njs^, «??f»«Ji mm. 

y-h) tfflWy-hj6tMB$tlfcFET-M0S«|jg 

S!^?i;i/rtlC«|«}g*Sn-5. NAND-fe;H!EEPR 
OM© H M >fiJtta«y- hS^n-UThfy MUCftiR 

y-xfl!tt^BoaRy-h*^M.'Tv-xi8 
[0 0 0 6] a«. ^-•7-H«^co;^*l*^^^^u-feJ^ 

©m^§ 1 '^-j^ttf i;, 1 ffl© KW-f XH&lXV-X 

ffl5©a«y- v\vsk%nk.^--^(r)m%^ i nand:/ 

n-yi/XI4mici:/a^;i'tl?4K. -eUT, CWltTp 

[0 0 0 7] NAND-feJl/SEEPROM©l!im4Jfc© 
aQ-C$>«. fiU C©|j|f^»nSS£ic^l^;Sn}«:p 
jWrtlC^t U-fe>V7 W *«*sfflfiJ«3nfc'b©* 

saatfs. v'-^'ojsitt. iNAND:/Dyi^i»i© 
nand:/D5'J^ ©±T©«9liiy- h *S!p«{S: Vs$ t 

U pS'>x;l/KC^ni!Sffil:ifi(«fiEVpp (0!IAri2 0 
V) *B3i)D-r<&. cmciO. ^TCpt^'J-fe^VICMi 
TSSy-hA>6)S«lC«^-*»tttH3n. UtV»fitt^ 

©^sisno^h-rs. a«v c©ttJ8* "1" ttfflts 
a-rs. ^y:/«*BifeNAND:/D5>ir!£a« 

ttfflKf -5 C t ») i^S n-5. 

[0 0 0 8] x-^'©s#a*»f^tt. Mvvmt^h^L 

fc«*nfcttHO.)ttiJ-fe;W^6IHtefft>n5. NAN 
D:/d «y jr|*9©a*?Snfc«!l»y- McBg!«£EVpp 

(WAtf2ov) sHiau ffl©#a«y- nctt^iffl 

SffiVm OV) tfyh«lc 
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(4) 

5 

[0 0 0 9] v'-^<om^s,^wimz:^t,^x\t. 

[0 0 101 tC^r. NAND-fe;bSEEPROM^& 

m\zm^7i,tsmm. ai^*ss«3tf-«i8tissT* 

[0 0 11] t7)>b. aE*<;!)NAND-t;lS!EEPRO 
M^Oi-^tCl^cO^^i^^iilfpTli. X-iS' 
^ ^lHlSlCl2tt$nT^iS 1 v^>cDx'-3' 1 * 

[0 0 12] tfc. c<D<fc5i^:*:$ScDNANDir;l/^ 
^^:ftytisb. ;^^0<oW»mi^\z^:kl^n!Slfi^m^^X^^ 

[0 0 13] ±gOKSri, AND-fe;PSEEPRO 
M, D I NOR±:;H'EEPR0M^(0;^^a;^^UlC 

[0014] 

[0 0 15] ^^m\t. ±m9&^^s.hxfx^nft^ 

ox. i^<DBW^-r^i:C5«> l^-vfJOx-^^ 50 



i^M¥7-2 3 6 1 9 3 

5 

&m^&m'r^ct\zs>^. 

[0016] 

[0 0 1 7] fip-^. m^mi) «»*<^fcf 
n'en&m'^riu-m\z^Dmwi^nx\iy hmto 

T^-ftisbor H i^x «:-^i2«-r^.r h ^ ^y 

^|pI»i:$«Afc*»#IB1tSfilTfeoT, 7^"-i5^5-y 

mfSiz^^-^tiTcLj Fi^xic^u-Ti*oy-H*i|$ii 

XIC>£;1:t^0;^< tt)2*coy"H«$:SWt, KilR 
[0 0 18] ^tz. (^*«2) 

yhmt. cn^<o\fyhmii^mLxmm:^tircmSL 

yfyhmizmmtsnrzUAND-tjit. mmy-hm\z 
^r)js^m'^nrz;^^i)±,Mz\fy hm^^vxm^i^t^ 

N A N D^j^atR-r cDT H ux ^^-^Kfi-r ^ ^ 

>«$-frLTNAND-fe;WcS#at^lS©^-F 
fc:/D -y 7 H kXiCrtcUT 1 ^omiR'/- h H v^/t 

« i;t^;&: < 1 1> 2 t><oa«y- h h ^-f /x$a« 

[0 0 19] ^1t. (iS*«3) tt. «&*Otf 

yh«t. ztuboYiyhmt^bxmm^nitms: 
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(5; 

7 

ISi:. f^-AND^i3^t<llD I NOR^^JcOSdffliy-h 
<fiD I NORJiJ^a«-r^^Ac*C07HUX$-©Kfi 

x-^^t*^;/ h«i^^M^TANDir;i/SL<liD INO 10 
R-fe;HC«#i2^tJ!Bc;?^-H^UT, :;^P^:^5'7 KWX 
x-^ 7 5^^[5lKlCtB«$tircyDt/^7 HUXlc«:i; 

h H^'1'A^Ci;0^JWy-^«3^^^ffi»^n^AND•fe;^ 

^t<JtD I NOR-fe;n;:. 

^r-'^vvf iHlffitClBtt^ nfc :/ D 7 K U;^ tCJfi: i; 
[0 0 2 0] ^fc, (gS*Jl4) «ja:*<Dtf 

t:^ hUfcsjjSsnfcNANDirji'a:, mnv-vm:. 

$nfcx-^^t'^y hil^&^MxTNAND'fe^HcS^a 
tJlSt'. l^-NAND^J0ffl«y-h«;$fitt«lca«$ 

[0 0 2 1] (ffl:*J15) tt> S»*c[)tf 

oKffliy-h«&«ftf ^asy-hH^-fKi:. na 

hii^&:^^bTNAND■fe;^^cS^at^ia(^!)^-Hi:lx 
T, :/n5/i>7K^Xx-^^ry^lpI^iCl2tt$tifcy 

□ y^7Hux(c«;i;Ti^c^s«y-hH^-r/^$a 59 



^W^l-2Z 5 19 3 

K»$n^NAND-t;nc, =f-^vv'f^m&\zmLi 

x-^ 5 ^/ ^[5ij?St::EIS$ n;^t:/p y 7 H (citiU 

a^-Hi:O^I>;^< tt>-;^k::fcViT, f^-NAND^J 
[0 0 2 2] CCIT. *3^1^coa^UVi^JS5g«^:tT 
[0 0 2 3] (1) 

ffliy"h»icj:r3aK^n, Myvmm^^^^tLi^ 

IRIC. 7Hi^Xx-i5'^^y?(il»&tC^1g$n;fc7HW>^ 

[0 0 2 4] (2) ;<^U-fe;l^«:> *»#Sfi±lC«?5» 
«[Hi:aSiy-h;&tag?^)S$n, «Sf«»[HtSS<^ 

[0 0 2 5] 

7FV'Xx"i$^^??^[El» (Xtl>^n!y^7Hl^X7^-- 
^'^^y^lHlffi) iil^-i^iJ-Ox-^^IBa-r^Htyh 

^oy-KiB cs:«^»y-h«) *«i^^tc*aa«$ 

niC<fcD> ;<^U^i;P7U-fl^cOx-i$^cr>«S. gp^a 
[0 0 261 

[|IS6*g] BIT. *^W<O^JS«^0M^^^brKM 
[0 0 2 7] ®1«> 1 c^^JB 



(6 

9 

[0 0 2 8] «3S*C0tru/ bSBL (BLl , BL2 , 
.}. • BLj , BLd) ifi»*07-K«WL (W 

LI . WL2 , WL 1 , WLi+1 . WLa ) h 

H j»W L (OX^aS IC «3 A of IBtS: ^ »J i:;!/M C 
(MCll, MC12, MCmn) ^^^-^n^nffifi^nT 
V^^o tf'y hiBBLlClSx-^^ry^iHlKDL (DLl 
. DL2, DLj . DLn) ^tgfjK^n, 7 

?SAL (ALl , AL2 , ALi . ALi+1 , 
t^DC'JFUX, CSL (CSLl, CSL2. C 

sLj , csld) i/o, /i 

CO 0 2 9] 3i#c^S^i^^^-Hfiaaeott8gtCj£^ 

«IH^^yt[5iKALlCPII*i21ft$nTl.K» -tOSIv S 
^a^iiif^;0^56^5»«!:. 7 H WX^^y^&t;7-K«aH 
/N'lHlBA L iCfBS^nxVi^ P'>7 H UXtC^oT 

7-H«wL*5ji^^n^. ^^fi. 7-K«i*saw 

ffiP'>7 h'l^XUT. RA2 . RAi v RAnKOSSC^) ^ 
7 H ;^ P ^ • 5^3 - 5^lpIfS R X D r 7 H l^X 
^ v^^'RXJ^U- H« H ^-f ASK A L test Oj^Sn^ 
i:, S#5i^^l;:3*(07-H«WL2 , WLi , WL 

[0 0 3 1] x-^^ty^lHlKDLl --DLb Ictt, 7 
- H*ia^KiJ«L< «7- H»S«a. Affl^iB I / 

[0 0 3 2] x-rJ^^-zf^UKDLl -DLn OWAf 
-iS'^tfty hiSlBLl -BLd lCgS^tlT:fel?, 7- 
KSSWL2 , WLi . WLm d^l^^tXTVi^*^, If 40 
V h«BLl -BLd Of^-3';&M^U-feJPMC21-M 
C2d. MCil-MCiD. MCDl-MCiiin(w[^^(rffi«$ 

n-s. 

[0 0 3 3] ^fc> x-^'^^y^'lElKDLl -DLn 

\frf3,<. f^^hSBLI -BLn CD^^fflLx-^*^ 

^ ^ ^^)VX. 7-HSIWLl ;^^a«^n. >t^'Jir;VMC 

n-MClD©^»x-:5';&^ fcityhiBIBLl -BLn It 



1t§i¥7-2 3 5 1 9 3 
Ld t^-^^>:/^I51BDL1 -DLn tc^e 

K«WL2 , WLi , WLm f)m^'^tl^t. x-^^ 

y^iiiKDLi -DLn \zm»^,nr^^^^-i^f>^. ^ 

^'J-fe;l/MC2I-MC2D> MCil-MCio. MCtDl-M 
dantCf^^tCEtft^tl-a.. 

C0 0 3 4]llJ-&. r)-Yfm'LlX'^^^n^l^- 

-DLn triH«$nTVi^«&, a#3i^1f-r^;UT. 
fi»I^«7-H«WL2 , WLi , WLffl ifi^mmiRtn 
^t. 7-Fi6iWLl TjS«Sn^l^-vi^<D;<^»J 

-Hl»WL2 , WLi , WLo JCHtT-^n-So 
[0 0 3 5] K±^T<0SiWlCi5l.iT«. ^'^^)t)Vt 
bTll#^»ApJiB?at)<^«^T^^ta'5. HJ^, DR 
AM i^^-r^v^ ' "yyd^L • 7i^'feA • ^^i>) , 
SRAM 'V>^h^T!7t7.']^^ 

[0 0 3 6] rcoJ:p{v**»WtCcfctatf. Iffrai?^^ 

ti7-Hi6iwL^^aas^'rs;it7)jpjfigt7sr). wm 

[0 0 3 7] (^ig«2) *Ki!|$NAND-fe;l. 
SEEPROMtC^JSLfc«^JC:?liT> =^«^WlCllZ§g 

-r^, @3> :^^m(om2(Dmi&mz%t>^N 

[0 0 3 8] CG (CGdl-CGd4, CGel— CGe4, 
CGfl-CGf4, CGgl-CGg4. CGhl-CGM, C 
Gil-CGi4) (i^Wy-h, SGS (SGSd , SO 
Se, SGSf, SGSg. SGSh. SGSi)»V 
-AftiaRy-h> SGD (SGDd, SGDe . SG 
Dl . SGDg, SGDh, S GDi ) HtH U-f ><l03a 
J^y-h* BL (BLj . BLk . BLl ) \t\£yh 

DL (DLj , DLk. DLI ) 

DRV (DRVd , DRVe , DRVf . DRVg 

, DRVb . DRVi ) umm^-hRxsmny-h 

H^^/IIUK. BAL (BALd. BALe, BALf 

. BALg, BALh, B AL I ) li:/P!y ^7 OS 

X5y5"lHlK> MC (MCd4j , MCd4k , MCd4I , os 

MCf4j , MCf4k , MCf41 , MCg4i . MCg4k , § 

MCg4l ) \t:<^V±)V. RA^in^77Hl/X, CSL ® 

(CSLJ , CSLk, CSLe) (i^^AS^MS. I W 

[0 0 3 91 Z<D^mMX\t. ^^^)±)lUC(04mit^ 

it^f»l»Sg$nTNANDi:;P;&^«ld6$n. NANDi:;^ 
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(7: 

11 

[0 0 4 0] *^jSg«^lC:feViT'b®«(?5##a,^*-H 

[0 0 4 1] 0 5. ^%\mmv-vm^wmM^iL 

Re ad/Bu s y{d:^^yy^«C^ry:^rt 
[0 0 4 2] 5^>y7^^BS;&>^, ^ffliy-hilil^S3S?S 

^i^*^- FfficDa v> nm-^coM 1 *^Aai*t:> i 

Ma*?#^i2t^ffiD»^7Hl/Xi:UT. RAd , RAf 
, RAg (7)3a<07Hl^Xdl^yyrtlC5ScDa^n'6 

Hl/X^5/^lPl?SBALd /BALf , BALg tC^« 

[0 0 4 3] ^^i^. RAd ;0n Of'y 

tfu/ h^NAND?f»iffl«)7H^X^UTt)J;t.iL. 
^SS;5^e^A:tl^n^7Hl/X^:/D^;;^7 h'VXaiNA 

nx^¥myYV7.t.^vtx. ^ad^SaiCNAND^HJ^ 
7H^X*A:^L> NANDf5cojBl#B0>t^Ui:;i/^ 

[0 0 4 4] mmf-Ym.^mmm^it.^m(ou^T 

HUX. RAd , RAf , RAg iCtSlK :/n!yiy7H 
VTs, NAND^J7HVX<0^Wd«ft^^^, 

5. 0 6-Ctt6Ria:bT> 1 2 5 6 A-Y h 

+ 8/Wh (X^-STiEffi) =2 6 4/Mhi:LTl> 

(Ot:>;5^^AAUT'b«i:Vi. JYVTst^XWi 
[0 0 4 51 *tC. S^a^5^Si6ffi3^>HCOM2dt 

ipffl^n^o lE-UT, tfyhSBLj . ELI 50 



1 

x-i-^rS^iii-rjg^Kffl^&ftSitti^^. BLJ . 
BLl ttD>J («A«OV) {C. BLk «4'ffl«£EVm 
(WAtflOV) tc:;f!S«SnS. iir. »t)i*tta8 

[0 04 6] :/Dyi>7HU;^7y^E»BAL 

n. *yA«NAND?lJffl7>«V';^T?NAND?tjcr)4#B 
0;«t'J-l:;P*lS«Sn5t. Wfliy-hCGiM. CG 
f4, CGg403*d»|5l^fcS«?Stl. 3*3i*ffl®i«« 
EVpp. WA«2 0V*iqiftl;§?n5. 

to 0 4 7] 8€ji**i*««aj*tiiiiabrcajc»7-r 

St. SI«y-hCGd4, CGf4, CGg4!»t||c;D>>tt 

Sflfl)y-hCG(H~CGd3, CGfl~CGf3, CGgl~ 
CGgS, K I^-f >jffl©a«y- h S G Dd . SGDf, 

sGDg tt'l'was. ivic^«-r-5. ccd* 
ra«Ettifa«?tfy hi»0f>ra«stigw'<;i.Tt><fcv> 

t9i£cDJ:5IC*a«tr3' Hi(!!)tf>|gj«El OVK?* 

cxawp'D 5» i'rtcD^a^sflsiy- h©Hir>««BE^^« 
ft*i«< UTfeAVi. ii©s#a*^ctt. a«? 

:/'D>yi7rt©y-Xffl!ia«y-hSGSd . SGSf. 

sGsg at;, •5-©tfi©^a«>'Dyi^rto®jwy-h 

[0 0 4 8] C©S$jii5.^t PROG©M» * 

- h«tt#aa«sn, s^a^s-i^Ki^aaiRsnfcfls 

Wy-h«CGd4. CGf4, CGg4*«D'>«a (OV) 

ic, a«:/D»;i?i*i©-e©<B®wfliy-hat)ty-x 

fil. HH'>fiJ©aKy-h*VM«» (Vcc) ICHIlD 
Sn. a^J;**'J-fe;v©x-^'lci6:CT=f*BfS«fiC 

•J •fe;v®7=-^!&«K»a3 ns. 

CO 0 4 9] T^-^^y^'iaJSDLj , DLk , DL! O 

UTtt. ?>:©-D-fd^;i/T?|JC^Sii**»ff*)ti;4V»J:5 ^ 
k:. x-^'9?'?^i2iB©fiir>S5,*ffl7*-3'sa»«ic» £ 

[0 0 5 0] «fEa*]6t»7U 3TVHfi^COM3 
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(8 

13 

\t. I/0(1) =0<0«'&{1/^XT. 1/0(1) =10 

[0 0 5 1] ^^uy^\z\mo':fuv^ 
[0 0 5 3] mjh^mmuihvmmt. mx\mm(o^ • 

aJC^ffliy-h»CGd4. CGf4, CGG4<D3:^i)mn 

izmn^nfc^'t. ~'&^m(Dms<^/v\^7.mmmzff lo 
t>n. mjL^nft:^'eu±)V<Dv^\,^mmmo:>mzm 

[0 0 5 4] c<Dm^i?<^^mmmL<on&z\t. &a<o 
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